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-4 the user to select environmental, geometric, and hardware parameters. It can be used for
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1.0 INTRODUCTION

This report documents the Naval Ocean Systems Center’s (NOSC) Simulation Code
for Underwater Television Systems (SCOUTS). SCOUTS is a real time, interactive (when
used in the DEMAND mode) computer code which is useful in the design, analysis and per-
formance prediction of a large class of underwater television systems. A complete printout
of SCOUTS in the FORTRAN IV language is included in the Appendix. For those with im-
mediate applications, the information in Sections 2 and § is sufficient to describe the opera-
tion and use of SCOUTS. Sections 3 and 4 give the theoretical basis for the calculations and
internal program structure, respectively. The remainder of this Section concerns itself with
the background and rationale of SCOUTS’ development.

1.1 NEED FOR PERFORMANCE MODELING OF UNDERWATER TELEVISION

During the past decade and a half man has rapidly extended his presence beneath the
surface of the ocean. Manned submersibles, tethered vehicles, moored drill rigs and even
underwater habitats reflect his desire to understand and utilize the unique world beneath the
ocean’s surface. Underwater photography has been used throughout this era to document
subsurface missions. This time period has also seen the development of underwater television
to the point that it is equal in importance to photography as an undersea visual sensor.

Modern underwater television systems use lenses, light sources and cameras specifi-
cally designed for this environment. These components are incorporated into system con-
cepts which attempt to minimize backscatter while maintaining an acceptable signal-to-noise
ratio. As a result of the progress made during the last 15 years, the designer of underwater
television systems now can choose from a wide variety of components and techniques in
tailoring the system to his particular requirements.

One rather disturbing effect of the availability of advanced components and tech-
niques was that predicting the performance of the resulting system became much more
difficult. Simple single scattering models gave erroneous results at the longer ranges corre-
sponding to advanced imaging systems. More exact models were available, but they were
primarily theoretical and not generally suitable for engineering use. Thus, by the early
1970s, a situation arose where hardware was available which appeared to promise improved
system performance, but the methodology for comparing the available hardware and accu-
rately predicting performance was lacking.

1.2 THE HANDBOOK OF UNDERWATER IMAGING SYSTEM DESIGN

Under the sponsorship of the Navy’s Deep Ocean Technology Program, the Naval
Ocean Systems Center undertook the task of providing a definitive handbook for the designer
of underwater television systems. This effort produced the Handbook of Underwater Imag-
ing System Design (HUISD) (Reference 1). HUISD provided a detailed discussion of optical
water parameters, propagation of light underwater, characteristics of system components and




advantages and drawbacks of system concepts then in use or proposed. More impeortantly,
HUISD gave a detailed design procedure for obtaining measures of system performance
based on the above factors. This design procedure, validated by comparative system tests
performed by NOSC at Morris Dam in 1970, was presented both as a set of nomograms and
a step-by-step series of equations. These equations, which were more accurate and flexible
than the nomograms, required lengthy hand calculations and were tedious to implement.
Consequently, these system equations were not applied as widely as had been hoped, though
their predictions proved accurate in those instances where the hand calculations were
performed.

1.3 EVOLUTION OF SCOUTS

About a year after the publication of HUISD, NOSC began work on the computer
modeling portions of the Advanced Unmanned Search System (AUSS) program. Part of the
AUSS model required the simulation (i.e., performance prediction) of underwater teievision
systems. Since the HUISD equations were already developed and validated, these equations
were used as the basis for the AUSS computer code. Only the HUISD performance analysis
of conventional systems (i.e., systems using non-laser sources and raster-scanned receivers)
was coded, since these systems were the ones most commonly in use. The first AUSS TV
program was coded in BASIC, but in order to achieve faster operating times the program
was rewritten in the FORTRAN language.

Experience with the AUSS TV program quickly showed that the HUISD system per-
formance equations, coupled with real time, interactive demand terminal computing, pro-
vided a powerful tool for TV system design and analysis. Using the program the operator
was immediately furnished with the performance of the selected configuration as well as
indications as to what (e.g., source power, backscatter)j were the limiting factors. By succes-
sively adjusting the TV system’s configuration the operator could optimize it for his particu-
lar arrangement. This procedure was successfully used in designing and validating systems
used in search, small-object detection, obstacle avoidance, etc.

One of the problems with the AUSS TV program was that it is a subprogram integral
to the much larger AUSS model. In order to use just the TV portion, much information ex-
traneous to the operation of the TV subsystem has to be keyed in. Because there was a
significant number of AUSS users who were interested primarily in the TV subprogram, it
was decided to develop SCOUTS as an independent computer code for the simulation of
underwater television.

SCOUTS differs in a few important ways from the AUSS TV subprogram. SCOUTS
is coded in FORTRAN IV and should be compatible as written with most medium- and
large-size computers. A parametric capability allows several variables to be automatically
varied according to limits defined by the user. Finally, although SCOUTS is primarily de-
mand terminal-oriented, a batch option is included for computer facilities lacking real time
capabilities.

e o




2.0 OVERVIEW OF SCOUTS

This section will be concerned with defining the problem which SCOUTS solves, the
inputs required and the outputs provided. Coupled with the detailed operating instructions
in Section S, this section provides sufficient information for successful operation of the
program.

2.1 SYSTEM GEOMETRY

The geometry assumed by SCOUTS for its calculations is shown in Figure 1. The
source and receiver are spatially separated by the source-receiver separation, d. Without loss
of generality the source is assumed to be to the receiver’s right when looking out towards the
target. Their optical axes are coplanar and each is “canted in” by an angle § so that a perpen-
dicular dropped from the axes’ intersection point will bisect the line joining the source and
receiver. The receiver’s (i.e., TV’s) horizontal scan direction is parallel to the line joining
source and receiver.

The target’s center is in the plane containing the source and receiver’s optical axes
(i.e., the plane of the paper). The long dimension of the object is in the plane which is or-
thogonal to the plane of the paper and parallel to the line joining source and receiver. The
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Figure 1. SCOUTS system geometry.
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point of the object most distant from the source-receiver plane (i.e. the plane containing the
source and receiver and perpendicular to the plane containing their optical axes) is assumed :

! to be situated a distance R from it. The height of the object, H, is the extent of the object
perpendicular to the source-receiver plane.

The distance rg in Figure 1 is the distance past which backscatter contributes to the
image. The depth of field, A, is the maximum distance from the target plane at which there
is a “common volume” where source and receiver beams intersect any portion of the target
whose height exceeds A will not be imaged.

2.2 USER INPUTS

Table 1 contains the inputs necessary to define the imaging problem for SCOUTS.
All these variables must be entered on the initial calculation of any run. A rewrite capability
(see Section 2.5) is included so that this information does not have to be entered each time it
is desired to change only some of the variables. An example of the initial input for a demand
run is shown in Figure 2.

Table 1. User inputs.

Environment

. Water type: coastal or deep
2. Peak-to-trough wave height
3. Peak-to-trough bottom roughness

Target Dimensions

. Target length
5. Target height

Platform Characteristics *

6. Source-receiver separation

- Source Characteristics

7. Source type: incandescent, thallium iodide or mercury vapor
8. Source input power

9. Source full angle

Receiver Characteristics

10. Receiver type: vidicon or SIT
11. Receiver full angle

' 12. Optics transmission
13. F-number -




CONVENTIONAL TV SYSTEM

\ ENVIRONMENT
COASTAL 'OR DEER, | "OR 2772
=1
WAVE HEIGHT-PEAK TO TROUGH,FT:?
bV %
BOTTOM ROUGHNESS-PEAK TO TROUGH,FT:?

205

TARGET DIMENSIONS ;
LENGTH OF TARGET,FT:? :
; 200 ‘
HEIGHT OF TARGET,FT:?
i
PLATFORM CHARACTERISTICS
SOURCE RECEIVER SEPARATION,FT:?
51
SOURCE CHARACTERISTICS
INCANDESCENT, THALLIUM 10DIDE, OR MERCURY VAPOR; 1, 2 OR 3:?
> 2
SOURCE POWER,WATTS:?
>200.
FULL SOURCE ANGLE,DEG:?
>4L0.
RECEIVER CHARACTERISTICS
VIDICON OF SIT, 1-0R 2:2

>1
FULL RECEIVER ANGLE,DEG:?
>40.
TRANSMISSION OF OPTICS:?
5.9

F-NUMBER:?
>L.5

Figure 2. Sample input for demand run.

Table 2 is for the most part self-explanatory; however, a few comments are in order.
SCOUTS was originally written for an object lying on the bottom viewed from a TV camera
which was responding to ocean heave. To ensure an adequate depth of field, A, SCOUTS
chooses A so that

A=H+0.5 * (hy +hy) )

where hy and h, are the wave height and bottom roughness respectively. For situations
where the target is not on the bottom, h; and h, should be set to zero.

E
i
b
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f ‘ g - SCOUTS incorporates information from HUISD to provide the appropriate character-
[. ; istics for the water, lamp and receiver types. These characteristics will be discussed in detail
f ,‘ T in Section 3. However, in order for the user to supply meaningful inputs, it is necessary to
; P - discuss some of these characteristics here.
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The two water types, coastal and deep, have optical characteristics identical with
those plotted in Figures 6.2(B) and 6.2(C) of HUISD. The coastal water has a minimum
attenuation, &, of 0.253/m (1/a = 3.95 m) at A = 540 nm. For the deep water, the corre-
sponding numbers are « = 0.049/m (1/a = 20.4 m) at 475 nm. The scattering coefficient, s,
is 0.238/m for the coastal water and 0.030/m for deep water.

For sources with conical beam patterns, the required “full source angle,” 6, is just
the apex angle of the in-water beam pattern. For a nonconical source, the ‘“‘equivalent coni-
cal beam pattern” (HUISD, p. 6-11, Eq. 6.10) must be determined and its apex angle used as
input. For “source power,” SCOUTS requires the electrical power input to the lamp, then
computes the light power output.

The full receiver angle, 8, is the full in-water horizontal field of view of the TV
camera. SCOUTS assumes the standard 4-by-3 aspect ratio for the receiver’s field of view.

For transmission of optics SCOUTS requires the overall decimal efficiency of the
source and receiver. This is the combined efficiency of all the optical elements following the
source and up to and including the camera lens. For example, if the collection efficiency of
the light source and the transmissivity of the camera lens were each 0.9, the required optical
transmissivity would be 0.81.

The f-number, f/, is defined for small angles by

f/ = 2)

(o] S

where f is the focal length and D the receiver aperture diameter. The f/ has a minimum value
of 0.5. Most camera lenses will indicate the f/ corresponding to each aperture stop.

2.3 TYPES OF CALCULATIONS AVAILABLE
2.3.1 Demand and Batch Runs

SCOUTS can be run either as a batch or demand run. It is important to remember
that SCOUTS was acsigned for real time, interactive computing, i.e. for demand runs. De-
sign problems are most efficiently handled in the demand mode, since the user will be able
to refine his design based on immediate feedback of the performance of his previous cloice.
Another advantage is that after a period of running design problems via demand runs, the
user will develop his intuition for good underwater systems design.

The batch run capability was included primarily for computer systems not having
real time facilities. However, the batch mode can be used to advantage in some situations.
Some computer facilities charge substantially less for batch runs than for real time operation.
Although SCOUTS’ costs are low because less than 1.5 sec combined CAU (central arithmetic
unit) and ER (executive request) time per calculation is required on tiie NOSC Univac 1110,
the cost savings might be significant if many calculations are required. Batch runs necessarily
provide a hard-copy output; this output may be absent or of poor quality on demand termi-
nals. In very large runs using the parametric mode (see Section 2.3.2) where many variables
are to be parametized in a noninteractive fashion, using the batch mode allows the program
to run without the operator being present.

10
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2.3.2 Nonparametric and Parametric Modes

Nonparametric and parametric modes are available for both demand and batch runs.
In the nonparametric mode, each input variable (see Table 1) takes on only one value and a
calculation is immediately performed. In the parametric mode, the user selects one or more
variables which he parametizes by assigning each a beginning value, incremental step and
final value. SCOUTS then performs as many calculations as necessary to evaluate the system
for all the selected values of the input variables, and the results are output.

The parametric mode is thus similar to a succession of nonparametric calculations.
The user selects the mode appropriate for his objectives. In optimizing a system, a succession
of nonparametric calculations will allow the user to select new input values based on the re-
sults of past calculations. The performance of a selected system for various values of input
data can be documented more quickly in the parametric mode.

2.3.3 Calculational Modes

There are three calculational modes available to the user: single range, maximum
range or maximum swath width. The calculational mode is chosen in demand runs by the
appropriate response to a SCOUTS question and in batch runs by inclusion of the appropriate
mnemonic (see Table 4). In the single-range mode the system performance is evaluated at the
range supplied by the user. To understand the other two modes we must first define what is
meant by usable swath width.

The usable (or actual) swath width at range R is measured along that line in the
source-receiver-target plane which is parallel to the line joining source and receiver and a dis-
tance R from it (the line AB in Figure 1). A segment of this line will have the following two
properties: (1) a target located on this segment will have an image contrast greater than or
equal to 0.07 and (2) the target’s image will be large enough to span eight or more resolved
TV lines. The length of this segment is taken to be the actual swath width. The actual swath
width thus represents the lateral dimension in which successful imagery is possible.

As a function of range the swath width increases almost linearly with range, reaches
a maximum and then drops off rapidly as the range is increased further. The maximum range
calculation evaluates the system at that range where the swath width, after having passed its
maximum, drops to zero. Similarly, the maximum swath width calculation evaluates the
system at the range which yields the greatest swath width.

In the nonparametric mode, SCOUTS can evaluate the system in any of the three
calculational modes. In the parametric mode, the user can have the system evaluated at
cither the maximum range or maximum swath width by indicating his choice and setting the
range equal to zero. If the range has some other value the system will be evaluated at the
selected range; however, SCOUTS will, at the user’s option, calculate the value of the maxi-
mum range, maximum swath width, or both. Since SCOUTS performs these maximizing
calculations by performing a series of single-range calculations, running time and costs can be
minimized by selecting maximizing calculations only when necessary.




2.4 OUTPUT
2.4.1 Minimum Range

If the target is located too close to the source-receiver plane TV performance can be
degraded. At distances which are too close, the resultant depth of field becomes less than
the minimum value required by Eq. 1. Additionally, at distances sufficiently short the source
will be pointing directly towards the receiver and blind it. SCOUTS therefore calculates a
minimum range prior to evaluating the user’s system. In demand runs this information is
presented to the user in time for the user to choose a range greater than the minimum.
SCOUTS then checks that the input range is indeed greater than the minimum. If not, the
calculation will not be performed.

One of the disadvantages of batch runs is that the user does not receive an indication
of the allowable minimum range until the run is over. Thus, there is an uncertainty as to the
smallest range that will execute sucessfully. Since SCOUTS sets the minimum range no
smaller than the source-receiver separation, batch input ranges should be larger than this
value. This will not guarantee a successful run but is the best the user can do with no other
a priori information.

2.4.2 Summary Output

The results of a SCOUTS calculation (or calculations in the parametric mode) repre-
sent the performance evaluation of the specified TV system. This performance evaluation is
provided by SCOUTS in the form of two output summaries, the intermediate summary (Fig-
ure 3) and the final summary (Figure 4). Intermediate summaries are provided at the end of
each demand nonparametric run, while final summaries are output in all modes. Both sum-
maries contain essentially the same information in different formats. The meaning of each
of the outputs will now be presented in the order in which they appear on the final summary.

The first thirteen columnar entires on Figure 3, from WATER TYPE to F-NUMBER,
reproduce the user-selected input so that a record of the evaluated system is available along
with the output. RANGE, FT and RANGE, AL give the range at which the calculation was
performed in feet and attenuation lengths, respectively. All the performance measures from
AVAILABLE LINES AT CTR to the second to the last entry refer to these measures evalu-
ated at this range. MINIMUM, FT is the minimum allowable range (See Section 2.4.1) in
feet. If the maximum range or maximum swath width options are chosen, the range at which
each of these occurs is printed out in feet after MAXIMUM, FT and BEST, FT, respectively.

The number of resolved TV lines spanning the object length is given by AVAILABLE
LINES AT CTR for the object located at the center of the receiver’s field of view and by AT
EDGE for the object located at the right-hand edge of the receiver’s field of view. Because
of the interpnlation subroutine used, the number of lines may be in excess of 525, which is
taken to be the display limit. It has been shown that eight lines represent the threshold of
object recognition (Reference 3).

SCOUTS calculates the image contrast for an object having an inherent contrast of

50 percent and a highlight reflectivity of 75 percent. CONTRAST AT CENTER and AT EDGE
are respectively the image contrast for a target located at the center and right-hand edge of

12
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CONVENTIONAL TV SYSTEM

WATER TYPE: COASTAL SOURCE : THAL. 10D.
WAVE HEIGHT,FT: 2.00000 SOURCE POWER: 200.00000
BOTTOM, FT: .50000 SOURCE BEAM: 40.00000
LENGTH,FT: 10.00000 RECEIVER: VIDICON

HEIGHT ,FT: .50000 RECEIVER BEAM: 40.00000
TAU: .90000

SR HSEP S 1.00000 [R5 1.50000
RANGE , FT: 24.40228 RANGE , AL : 1.87424
AVAILABLE LINES AT CTR.: 393.90030 AT EDGE: 393.90030
CONTRAST AT CENTER: .16397 AT EDGE: .07523
AVAILABLE L H S SW WIDTH = 8.81963 FT ACTUAL = 8.22299 FT
LIMITED BY:R. ANG

AVAILABLE R H S SW WIDTH = 8.95223 FT ACTUAL = 8.22299 FT
LIMITED BY:S. ANG

AVAILABLE SW WIDTH = 17.77186 FT ACTUAL = 16.44598 FT

Figure 3. Intermediate summary.

the receiver’s field of view. Since backscatter is most severe towards the right edge of the
field of view (remember that SCOUTS assumes the light is to the right of the receiver) the
contrast at this point (as well as the number of lines available) will always be less than that in
the center.

The next eight entries on the final summary give information on the swath width to
be expected. AV L.H.S. (R.H.S.) SW WIDTH, FT is the available left-hand (right-hand)
swath width. This is the segment, in feet, of the swath width line (See Section 2.3.3) to the
left (right) of the center of the receiver’s field of view which is illuminated by both source
and receiver beams. ACTUAL, FT is the portion of the available left-hand (right-hand) swath
width, in feet, where the target may be successfully imaged. Again, the three criteria used by
SCOUTS for successful imaging are: (1) adequate depth of field as defined by Eq. (1), (2) at
least eight resolved TV lines across the target’s longest dimension and (3) an image contrast
of at least 7 percent.

LIMITED BY gives a mnemonic which indicates what is limiting the extent of the
R.H.S. (L.H.S.) actual swath width. The mnemonics S. ANG. and R. ANG refer to source
angle and receiver angle respectively and indicate that the corresponding beam’s geometry is
limiting the available swath width. BKSKTR indicates that the available swath exceeding 7-
percent contrast is the limiting factor. Similarly, PWR signifies that the available swath width
was limited by the requirement for eight TV lines/object length. DISPLY is printed when the
number of lines/raster height required to place eight TV lines across the image’s longest
dimension exceeds 525.

AV SWATH WIDTH, FT is the arithmetic sum of the available left- and right-hand
swath width and indicates the total available swath width for the given geometry and range.
ACTUAL, FT is the corresponding sum of the actual swath widths, which is the linear
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WATER TYPE: COASTAL
WAVE HEIGHT,FT: 2.0000
BOTTOM ROUGHNESS,FT: .5000
TARGET LENGTH,FT: 10.0000
TARGET HEIGHT,FT: .5000
S.R.SEP.,FT: 1.0000
SOURCE : THAL. 10D.
SOURCE POWER,WATTS: 200.0000
SOURCE BEAM,DEG: 40.0000
RECEIVER: VIDICON
RECEIVER BEAM,DEG: 40.0000
TAU: .9000
F-NUMBER: 1.5000
RANGE, FT: 24,4023
RANGE, AL : 1.8742
MINIMUM, FT: 2.5837
MAXIMUM, FT: .0000
BEST, FT: 24,4023
AV LINES AT CTR: 393.9003
AT EDGE: 393.9003
CONTRAST AT CTR: L1640
AT EDGE: .0752
AV L.H.S. SW WIDTH,FT: 8.8196
ACTUAL,FT: 8.2230
- LIMITED BY: R. ANG
AV R.H.S. SW WIDTH,FT: 8.9522
ACTUAL, FT: 8.2230
- LIMITED BY: S. ANG
AV SWATH WIDTH,FT: 17.7719
ACTUAL, FT: 16.4460
BEST,FT: 16, 4460

COASTAL
2.0000
.5000
10.0000
.5000
1.0000
THAL. 10D.
200.0000
L0.0000
VIDICON
40o.0000
.9000
1.5000
24.4023
1.8742
2.5837
.0000
24.4023
393.9003
393.9003
.1640
.0752
.8196
.2230
. ANG
.9522
8.2230
S. ANG
17.7719
16 .4460
16.4460

oo O 00 oo

Figure 4. Final summary.

COASTAL
2.0000
.5000
10.0000
.5000
2.0000
THAL. 10D.
200.0000
L40o.0000
VIDICON
40.0000
.9000
1.5000
29.7573
2.2855
3.0139
.0000
29.7573
322.,7560
322.7560
L1536
.0659
10.7119
10.1408
R. ANG
10.9773
10.1408
S. ANG
21.6893
20.2816
20.2816

COASTAL
2.0000
.5000
10.0000
.5000
3.0000
THAL. 10D.
200.0000
40.0000
VIDICON
40.0000
.9000
1.5000
33.2921
2.5570
3.2687
.0000
33.2921
288.1938
271.0501
.1469
.0601
11.9459
11.3969
R. ANG
12.3444
10.2479
BKSKTR
24.2904
21.6448
21.6448

measure of the total horizontal distance over which satisfactory imagery is possible. BEST,
FT is the maximum actual swath width. Zero will appear for this quantity unless the maxi-

mum swath width option has been selected.
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3.0 BASIS OF SCOUTS CALCULATIONS

This section will outline the main features of the SCOUTS performance analysis and
relate them to the corresponding steps in HUISID. This information is not strictly necessary
for the general SCOUTS user, but it is useful to those who might desire to alter some of the
program’s internal parameters to suit their specific problems. To that end, the various water
and hardware characteristics used by SCOUTS will be reviewed in Sections 3.1 and 3.2. Sec-
tion 3.3 will provide an outline of the calculational flow keyed to the labeled line numbers
of the detailed listing in the Appendix.

3.1 WATER CHARACTERISTICS

All the water characteristics used by SCOUTS are documented and referenced in
HUISID and appear as stored matrices entered via DATA statements in the program MAIN.
The following discussion of the program’s features requires reference to the appendix, where
the subroutines are arranged in alphabetical order. MAIN is the main program; the rest are
subroutines. The function of each is explained in Section 4.

The array A(l, J) (line MAIN 21) stores the attenuation coefficient for coastal (I=1)
and deep (I=2) water for forward (J=1) and backscattered (J=2) light. 1t was obtained from
HUISD (Table 6.12). The array B(I,J,K) (MAIN 24) contains the ratio of the effective to
actual attenuation coefficient indexed according to water type ( I), forward or reverse propa-
gation (J) and full beam angle (K): these data also come from Table 6.12 in HUISD. The
interpolation array of corresponding beam angles is stored in matrix T (MAIN 49). Scatter-
ing coefficients, which were also obtained from Table 6.12, are stored in matrix S (MAIN 46).
For both coastal and deep waters a rear hemisphere scattering (i.e., backscattering) percent-
age of 2 percent is used (line TVFU 33).

3.2 HARDWARE CHARACTERISTICS

The spectral characteristics of the source, receiver and water enter into the HUISD
systems performance analysis through the constructed functions G(A) and H(A), which refer
to forward and backscattered light, respectively. These functions are stored in the SCOUTS
arrays G(1,J,K) and H(1.J K) where 1, J, K refer to water, receiver and source types, respec-
tively. These entires were computed by subtracting entries in Table 6.8 of HUISD in
accordance with the effective bandwidths listed in Table 6.5.

The imaging capability of the two types of cameras are stored in the array FM (1, J)
(MAIN 30), where I refers to receiver type (i.e. 1 =1 = vidicon and 1= 2 = SIT) and J indexes
- two constants per receiver type. For a given camera tube current, i, the number of resolved
TV lines, N, is obtained according to

S s S S .

_ %0 (/FM(, 1))
NCTEMay o
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The values of FM(I, J) were obtained by fitting Eq. (3) to available camera tube data. For
the SIT the data were taken from HUISD, Figure 6.4(E), and the vidicon data from Reference
2. In each case the 50-percent contrast curve was used.

3.3 PERFORMANCE CALCULATIONS

The first calculation SCOUTS performs for each system’s performance analysis is the
evaluation of the minimum range. This occurs in lines HLIM 25-47. HLIMIT sets the mini-
mum range equal to the greatest of (1) the source-receiver separation, (2) the minimum range
which gives the required depth of field and (3) the minimum range which precludes the source
and receiver looking at each other.

All the other calculations are done in the subroutine TVFUNC and the routines
called by it. After some initialization, TVFUNC sets the range equal to that desired for
single-range calculation (line TVFU 53) or to 110 percent of the minimum range in the maxi-
mizing modes (line TVFU 55). Next, a check is performed to make sure the display limit is
satisfied (TVFU 59-64). If not, the remaining calculations are skipped and a flag is set so that
a warning that the display limit has been exceeded is printed in the summary.

In lines TVFU 72-120, SCOUTS evaluates the number of lines at the center and the
edge of the field of view. If less than the minimum (i.e. eight) number of lines is obtained at
the center of the field of view, SCOUTS assigns minimum left- and right-power-limited swath
widths (TVFU 101-105). If there is no power limit even at the edge of the field of view, the
maximum swath widths are associated with the power limit (TVFU 117-119). In the case
where the eight-line limit is encountered at some angle other than the maximum or minimum,
this angle is found in an iterative search (TVFU 87-99) and the appropriate swath widths are
computed (TVFU 109-114). In every case, the photocathode current is obtained in subrou-
tine DFUNC, which implements Eqgs. 6.17 and 6.34 of HUISD. EFUNC evaluates the number
of resolved TV lines, using the matrix FM(I, J).

The effects of backscatter are accounted for in lines TVFU 121-127. Using the sub-
routine XFUNC, which evaluates the photocathode current due to backscattered light (Eq.
6.48 of HUISD), the contrast is calculated at the center and at the right-hand edge of the
field of view. Using the interpolation routine, GFUNC, an appropriate right-hand swath
width due to backscatter, W(7), is obtained. The geometric limitations on the swath width
are next obtained (W(2), W(3), W(5), W(6)) through the use of UFUNC and VFUNC. FNK
finds the limiting right and left swath widths and descriptors. The limiting swath widths are
summed to yield the total actual swath width.

Lines TVFU 146-184 determine whether the calculation is for a single-range or a max-

imizing calculation. If it is for a single-range calculation, TVFUNC returns contic! to HLIMIT.

If not, TVFUNC determines whether the calculation is complete. If the last range increinent
is less than 5 percent of an attenuation length, control is returned to HLIMIT. If not, the
range is incremented or decremented depending on the previous value of the swath width,
and the performance is recalculated starting at line TVFU 40.
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4.0 PROGRAM STRUCTURE
4.1 SUBROUTINE ORGANIZATION

SCOUTS consists of a main program and seventeen subroutines. The main program
defines constants used in performing the calculations and acts as a program driver. Eleven of
the seventeen subroutines perform the computations. The remaining six subroutines —
SUBROUTINE DATAIN, SUBROUTINE CONVT, SUBROUTINE HLIMIT, SUBROUTINE
UPDATE, SUBROUTINE DATAOT, and SUBROUTINE SUMMARY  were developed to
provide flexibility of input and output. Figure S illustrates program hierarchy. A printout
of each subroutine and of the main program is provided in the appendix.

SUBROUTINE DATAIN reads user-supplied input data and sets program control
flags. If batch processing is desired, the user-supplied data are input via the card reader (unit
number 5). Beginning in column one. the first card of this data deck must contain the five-
character alphanumeric word BATCH. This card sets the flag for batch processing. Subse-
quent data cards are then read in an A6, 3X, 3F10.0 format. The alphanumeric information
is a mnemonic instruction that directs the program to a specific section of code. The data
values, where applicable, represent the initial, incremental, and final values of the data varia-
bles. Default values are set prior to reading any user-supplied data.

DO SRS

DRIVER
C | T ]
[oatan ] [ueoate | [ wumit | [oataor | | sumary |
Jnssa o]
CONVT TVFUNC CFUNC |
C I I =) = ¥ 1
DFUNC EFUNC XFUNC GFUNC VFUNC UFUNC FNK
AFUNC
BFUNC
3 ..
¥ Figure 5. Program hierarchy.
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If the program is being executed via a demand terminal, the terminal itself is the input
device. In this case, interactive communication with the program is performed. The format
of the input data, unless otherwise specified by the program, is G10.0. It should be noted
that the program can be executed via a demand terminal without interactive communication
by typing the word BATCH as the initial response. Data are input as though batch processing
were being performed. (For more detailed information on input data, see the section under

program operation.)

SUBROUTINE HLIMIT computes the minimum range and establishes the type of
computations that will be made — single range, maximum range and/or maximum width.

Incrementing of the input data variables is performed by SUBROUTINE UPDATE.
This subroutine is called only when parametric variables have been defined.

Two subroutines handle the printing of output data. Whenever execution is per-
formed via a demand terminal, and no parametric variables have been defined, SUBROUTINE
DATAOT prints the results after each evaluation is performed. This subroutine also writes a
summary of the performance evaluation to the temporary disk file (unit number 9). At the
conclusion of execution, SUBROUTINE SUMMARY reads the information stored on disk
and prints tabular summaries of all performance evaluations computed. For batch processing,
the printer (unit number 6) is the peripheral device utilized for output; for demand terminal
processing, the terminal is the output device.

SUBROUTINE CONVT was developed to allow the demand terminal user to input
integer values left-justified. If a two-digit integer value has been entered, the second digit is
read as alphnumeric data and “‘converted” to the appropriate numeric value.

Data communication within the program is handled primarily through labeled com-
mon blocks. The four blocks established - OPTS, TVCOM, IOLIST, and UPD — store user-
defined control options, program computing constants, input/output variables, and input
variable update information respectively.

4.2 SUBROUTINE AND VARIABLE DEFINITIONS

Tables 2 and 3 list and define the variables and subroutines used in SCOUTS. Table 2
gives the type and definition for the variables that are listed in common statements and used
by more than one subroutine. Although English units are used for input and output, MKS
units are used within the subroutine calculations. Subroutine naines, their functions and the
programs called by them are shown in Table 3.
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' l Table 2. Variable names and definitions.
! Descriptive Variable Type Definition
NVIRON integer water type
WAVEHT real wave height
BTMRUF real buttom roughness
i TARGLN real target length
TARGHT real target height
HEIGHT real height (or range)
1 ‘ SRSEP real source-receiver separation
SPOWR real source power
: : SDELF real full source angle
: IRTPE integer receiver type
RDELF real full receiver angle
OPTRAN real optics transmission
FNUM real f-number
ISTPE integer source type
RANGMN real minimum range
RANGMX real maximum range
RANGEB real best range
SWWTHB real best swath width
HTUS real usual height
SWWTH real actual swath width
: SWWTHL real actual L.H.S. swath width
i SWWTHR real actual R.H.S. swath width
L) LIMFLG integer display limit flag
i -- NDEXWL integer L.H.S. width index
i NDEXWR integer RH.S. width index
; - LINCEN real available lines at center
’t _‘, LINEDG real available lines at edge
i E CTRCEN real contrast at center
! I CTREDG real contrast at edge
1
19




Table 3. SCOUTS subroutines.

Subprogram Function Reference Referenced by
MAIN program driver; defines computing DATAIN, HLIMIT, -
constants DATAOT, UPDATE,
SUMARY
DATAIN reads input data; sets control flags CONVT MAIN
HLIMIT computes minimum range, defines CFUNC, TVFUNC MAIN
type of computation ATAN, TAN
DATAOT prints results after each evaluation; - MAIN
writes summary data to disk
UPDATE increments parametric input variables - MAIN
SUMARY prints tabular summaries - MAIN
TVFUNC main computational subroutines DFUNC, EFUNC, VFUNC, HLIMIT
XFUNC, GFUNC, UFUNC,
FNK
COS, ATAN, TAN
CONVT converts a single character to - DATAIN
numeric data
XFUNC calculates backscatter current AFUNC TVFUNC
AFUNC Simpson’s rule integration routine BFUNC, EXP, ALOG XFUNC
for backscatter integral
BFUNC integrand for backscatter integral EXP AFUNC
CFUNC finds effective attenuation - HLIMIT
coefficient by interpolation
DFUNC computes signal current TAN, ATAN, COS, EXP TVFUNC
EFUNC evaluates number of lines ALOG TVFUNC
FNK interpolates for limiting width - TVFUNC
and description
GFUNC interpolates for backscatter width TAN, ALOG TVFUNC
UFUNC calculates 1.h s. receiver and r.h.s. - TVFUNC
source widths
VFUNC calculates r.h.s. receiver and Lh.s - TVFUNC

source widths
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5.0 PROGRAM OPERATION

This section is intended to provide the user with information that is required for suc-
cessful execution of the visual search system program.

5.1 PRELIMINARY REQUIREMENTS

The visual search system program utilizes three peripheral devices for transmission of
data: the card reader, the printer, and a disk. The card reader and the printer are assigned
v the standard FORTRAN unit numbers 5 and 6 respectively. Unit 9 is assigned to a disk file
1 used temporarily to store unformated data of summary output information. As required by
the individual operating system involved, these unit numbers must be assigned to the appro-
priate peripheral device prior to compilation of the program.

After having assigned unit numbers to the appropriate peripheral device, the program
is compiled and linked to create a set of absolute (or executable) binaries. Figure 6 illustrates
the procedure used on the UNIVAC 1110 to create the absolute element for execution. In
the example the absolutes are stored under the name VSEARCH of the file TVSENS. The
program driver and each subprogram are stored under separate file element names.

@ FOR, N TVSENS. MAIN
@ FOR, N TVSENS. DATAIN
@ FOR,N TVSENS. CONVT
@ FOR, N TVSENS. HLIMIT
@ FOR,N TVSENS. TVFUNC
@ FOR, N TVSENS. UPDATE
@ FOR,N TVSENS. DATAOT
@ FOR, N TVSENS. SUMARY
@ FOR, N TVSENS. AFUNC
@ FOR, N TVSENS. BFUNC
@ FOR, N TVSENS. CFUNC
@ FOR,N TVSENS. DFUNC
@ FOR, N TVSENS. EFUNC
@ FOR, N TVSENS. FNK
@ FOR, N TVSENS. GFUNC
@ FOR, N TVSENS. UFUNC
@ FOR, N TVSENS. VFUNC
! @ FOR, N TVSENS. XFUNC
‘e @PACK TVSENS.
| x @PREP  TVSENS.
? B @ MAP, N , TVSENS. VSEARCH

T

‘ IN  TVSENS.

; § e END

| é

| ' !

Figure 6. Creation of absolute element.
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5.2 BATCH PROCESSING

Batch processing of the absolute element VSEARCH is performed whenever the user

does not wish interactive communication with the program. If batch processing is desired,
the first card image of input data must be the Hollerith string BATCH. This five-character
string informs the program that subsequent input will be in an A6, 3X, 3F10.0 format. The
alphanumeric information is a mnemonic instruction that directs the program to a specific

section of code. The data values, where applicable, represent the initial, the incremental, and

the final values of the appropriate input variable. Table 4 lists the mnemonic instructions,
the variable defined, and their default values. It should be noted that although the data as-
signment instructions may occur in any order within the data deck, the STOP instruction
must follow any given set of data assignment instructions. The last card image of the data
deck must be the mnemonic instruction FINISH. Figure 7 illustrates a sample deck setup
for execution of VSEARCH through batch processing.

Table 4. Batch mnemonics.

Mnemonic Defines Default Value
NVIRON =1., coastal; =2., deep 1.
ISTPE =1., incandescent;=2., thallium; =3. mercury vapor 1.
IRTPE =1., vidicon; =2., SIT 1.
WAVEHT wave height 0.
BTMRUF bottom roughness 0.
TARGLN target length 0.
TARGHT target height 0.
SRSEP source-receiver separation 0.
SPOWR source power 0.
SDELF full source angle 0.
RDELF full receiver angle 0.
OPTRAN optic transmission 0.
FNUM f-number .5
HEIGHT range (or height) 0.
MAXSW sets flag to compute maximum width =
MAXRAN sets flag to compute maximum range =
SINGRN sets flag to compute single range -
STOP stop reading input; end-of-record indicator for input -
FINISH stop execution; end-of-file indicator for input -

T NP R TIY  AR T I A e g ey




BATCH

NVIRON 1.00000 .00000 .G0000
WAVEHT 2.00000 .00000 .00000
! BTMRUF .50000 .00000 .00000
TARGLN 10.00000 .00000 .00000
TARGHT .50000 .00000 .00000
SRSEP 1.00000 .00000 .00000
ISTPE 2.00000 .00000 .00000
SPOWR 200.00000 .00000 .00000 1
SDELF 40.00000 .00000 .00000
IRTPE 1.00000 .00000 .00000
RDELF 40.00000 .00000 .00000
OPTRAN .90000 .00000 .00000
FNUM 1.50000 .00000 .00000
MAXSW .00000 .00000 .00000
STOP .00000 .00000 .00000
NVIRON 2.00000 .00000 .00000
RANGE 65.00000 10.00000 105.00000
MAXSW .00000 .00000 .00000
STOP .00000 .00000 .00000
SRSEP 1.00000 1.00000 4.00000
RANGE .00000 .00000 .00000
MAXSW .00000 .00000 .00000
STOP .00000 .00000 .00000
SRSEP 5.00000 .00000 .00000
SPOWR 50.00000 50.00000 105.00000
MAXSW .00000 .00000 .00000
STOP .00000 .00000 .00000
SDELF 20.00000 .00000 .00000
RDELF 20.00000 .00000 .00000
MAXSW .00000 .00000 .00000
STOP .00000 .00000 .00000
FINISH .00000 .00000 .00000
Figure 7. Sample deck setup for batch execution of VSEARCH.
5.3 DEMAND TERMINAL USE

SCOUTS should be executed via a demand terminal whenever the user wishes inter-
active communication. A demand run also provides intermediate information that can be
useful in determining which input variables should be changed.

Execution of the absolute element is performed by responding to the program’s ;
questions. Questions concerning environment, source type and receiver type are answered in
an I1 format. Other initial input is in a G10.0 format. After the initial input, SCOUTS asks
for direction as to parametric or nonparametric, the calculational mode, whether another run

) is desired, etc. These questions are also answered in an 11 format.
} ‘ ‘ p It should be noted that batch processing of SCOUTS can be performed from a de-

N o mand terminal by responding ‘BATCH’ to the first question asked. In this case the succeed-
i : ing input will have to follow exactly the format of Figure 7.
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APPENDIX

This appendix contains a complete FORTRAN [V listing of SCOUTS, arranged in |
alphabetical order by subroutine name. MAIN is the main program; all the rest are i
FORTRAN subroutines. All programs have compiled successfully on the NOSC UNIVAC E

1110. |
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voonul (LT} FUNCTIUN ArUNC(A) AFUN ]
000N0V2 (11, S o AFUN 2
vonnud uny (4 AFUN 3
wonnoe um 03:=1.2AL0GI . 001258 (EXP(=A)=EXP(=2,8A) ) 7A) /A AFUN &
uvonnusS um [V B, 1) AFUN S5
vonnue (LT} 10 V2:n3=ALUGINLI/A AFUN o
vonnn? un IF (ARSU(DZ=D1)7U2) «LT.s01) 60 TO 20 AFUN 7
voNNLA voy v1zn2 AFUN 8
voNnL9 un GO TO 1IN AFUN 9
voani0 ut 20 V0=1L2=1.)/2. AFUN 10
vonnit um U1sn0/3. AFUN 11
vonny2 um DUSHFIINC (A0 1o ) *RFUNC (A0N2) AFUN 12
woun13 (L)) D7=NFINC (A1, *0N) AFUN 13
uonn1e uny V2znle(Nuey.eDT7) AFUN 18
00001% um U3z, AFUN 15
V00016 uny 30 U3=2.00Y AFUN 16
0wono17? uol 01=nl1/¢. AFUN 27
uonnia (L1} 00:=nV/e, AFUN 18
vwonn9 unl D9=nFUNCLAL1.%00) AFUN 19
VoN0n20 uny UA=NY AFUN 20
VoNn21 un) E1=FXPl=1,9A82,400) AFUN 21
: 000022 00) J13nd=1, AFUN 22
wonnz3 (T} ] V0 uV vzlelt AFUN 23
k voNn2e un) E23(1.4(2.0FLOAT(U)=1.)eD0)/(1,2(2,¢FLOAT(U)*1,)000) AFUN 26
V0N02S um URZNYSL1*EL*E2 AFUN 25
0oNN26 um V9zNY+LA AFUN 26 |
V0Nn2?7 vl 40 CONTINUF AFUN 27
uoNnN2Aa ony US=N1e(Nee2,6D0748,4n9) AFUN 28
VoNng9 (1,3} IF (ARS((D5=02)705).LT..01) 60 TO 50 AFUN 29
0ONN30 un v2:=n5 AFUN 30
0onn3l om D7=n9+L)7 AFUN 31
vonn32 on 60 TO 30 AFUN 32
0ounsy vol SU AFUNC=LS AFUN 33
000034 (T3] RE TURN AFUN 34
v0003S (1.} ENV AFUN 3%~
v00noL uni FUNCTTUN RHUNC(A/R) BFUN 1
woNno2 vo1 BFUNC=(FXP(=A®H) ) /(R*B) HFUN 2
000003 o1 RE TURN BFUN 3
V0N0LN (T,3] ENV HFUN &=
wooont uny FUNCTTUN CFUNCOTUIRe THET e TWATH CFUN 1 f
Caate2 uny c CFUN 2 i
uoonnl uoi Cc COMMON BLOCK OF CUMPUTING CONSYANTS (FUN 3 4
vonnus um COMMON ZT1VLOM/ A(2¢2)¢r AL201102)0 CL20),L(202)0 ELLOD, CFUN «
voNNuS (L1} 1 FM(20e2)0 602020300 HI20203)0 NILODe OLID)e P(2e2)0 CFUN S
V00006 un 2 QU15)e SU2)e TULL)e W(10)e 2(2)0 PII CFUN ©
1 0onno? vy ¢ CFUN 7 i
0v00N00A (ML U0 10 1121011 CFUN 8
V0NNV un) IF (THET.L1.T(IT)) GO 10 20 CFUN 9
vounyo 00y 10 CONTINUF CFUN 10
vonnil o1 20 INZ=MINN(T]1ed]) CFUN 11
o0onny> uny 11=102=-1 CFUN 12
wouniy (1] USzaltwATel1 T IDIR) CFUN 13
00003 % o) CFUNCSUSH(tTHET=TIIT))/Z(TUIN2)=T(11)))a(B(IWAT, 102+ TUIR)=R{TWATVIICFUN 16 i
won01S (L1} 1eIUTIRY) CFUN 15 =
VoV016 vo) RETURN CFUN 16
00n017 [T]] ENV CFUN 17= —
vouout un) SUBRUNITINE CONVT ([VAL) CONV 1
voNoN2 ony ¢ CONV 2 =5
vonou3 uny c SURROUTINE CONVT CONVERTS SINGLE CHARACTER ALPHA= CONV 3
unnnue um c NIMFRIC DATA TO INTFGEKR NUMERICS. CONYV &
voNnNnS um CONV S id
vonnue uny DIMFNSLION JCHAR(10) CONV & f
voNnnn? (1] OATA TUHAR Z1H101H20 1H30 1HG 0 LMS ¢ 1HO60 1M T ¢ 1B 1HY ¢ L1H0O/ CONV 7 !
woNOOA um ¢ CONV & ™
unnnne um U0 10 1=1010 CONV 9
wonmn uny INuuzT CONV 10 i
Ny un) IF (INMeFWe10) INUMZO CONV 11 -t
unung 2 (L] IF (IVAL:EwsICHAR(T)) 60 TO 20 CONV 12
4 vonniy um 10 CONTIMUF CONVY 13 —
L vounye uny PRINT 40 CONV 14 b
voNnN1S uny 60 TO 3N CONV 19 1B
vonoi16 om c CONV 1o & 1
vonny? (1,1 20 IVAI STMM CONV 17 :
[T 003 (1.3} 30 RETIRN CONV 18 f
0on019 M c CONV 19 :
000020 uny SU FOMMAT (15K NO VALUE FOIND) CONY 20
vonozt uos En CONY 21~
i
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vounul uny SUHROUTINE DATATW (TSTART e [SUM) LAIN )
vonnw? (L] (4 LAIN 2
LT v (4 SURROUTLNE UATALN READS INPUT NATA DAIN 3
3 uonnne uny C ANL UFEINES VARTONS COMPUTING CONSTANTS. LAIN &
uoanns um C DAIN 5
unannk uny [ CUMMON BLOUCK OF OPTIONS LAIN o
vonnu? uny COMMUN ZUP1IS/ LRUNG TPARAMS 1CAL LAIN 7
; ueHouR uny (4 DAIN &
vonnne uny [ COUMMON HMLUCK OF 1/0 VARIABLES DAIN 9 {
t uvonno uny COMMON 7101 IST/ NVIRONe ISTPEe IRTPFEe WAVERT? BTMRUF ¢ TARGLNe DAIN 10 |
unnnt uny 1 TARGHMIe SKSEFe HPOWHe SUFLFe  RUFLFe UPTRANe  FNUMe HFIGHTe LAIN 11 ‘
wonny 2 um 2 RANGMNe RANGE ¢ RANGALe KRANGERs RANGMY: SWuTHLe: SWWTHR: SwwTHR. DAIN 12 |
vouMm 3 um 3 SweThe AVSale AVSWRe AVSWe LINCENs LINFUBe CTRCENe CTHEDGe  DAIN 13 |
uonn) e uny 4 NOFXWLe NOFXWHe LIMFLO UAIN 14 |
vounS uny C LAIN 15 ]
LoNnl6 unm C COMMON HLOCK OF COMPUTING CONSTANTS DAIN 1o |
vonMm? wny COMMON Z1VCOMZ AL2,2)r AL201002)0 CL20),0L1202)0 ELLD) DAIN 17 |
uounNIA v 1 FMI202)0 (12020300 HUZ20203)0 NULNDY OLIS)e PL2e2)e DAIN 18 |
unan19 un) 2 QL9 SU)e 1LLLD)e WLIOD e 20200 PI] DAIN 19 ’
wonneo um [ LAIN 2v |
uonoel (] [ COMMON BLUCK UF LIPNATE INFORMATION DAIN 2)
uonng? uny COMMON ZUPL/ STFPLLG) e FUVAL(TW) UAIN 22
voung3 uny C DAIN 23
voNn2W um LDIAFNSION INSTLY) DAIN 24
wounegs (] REAl LINCFNeLINFUG DAIN 25
uounge ung C DAIN 2o
vonnz? uny c NATA STATEMENT OF INSTRUCTIONS LAIN 27
uNNNZA uny OATA INST /6HMVIKONY AHTISTEF o AHIKTPE o AHWAVLHT? GHATMRUF ¢ DAIN 28
LonneQ uny 1 AGHTARGLNY AHTARLMT e AHSHSEP ¢ AHSPORR ¢ 6HSUFLF ¢ DAIN 29
uon0so uny 2 AHRUFLFE ¢ GHOPTHAN: AHFNIM ¢ AHRANGE ¢ GHMAYSW o LVAIN M
unun st uni 3 AHMAXHAIY ANSINGHENY AHSTOP o HMF INISH/ VAIN 31
uonny2 uny C LAIN N2
unnnyy uny C NEFAULT VALUES FOK INPUT DAIN 33
unn e uny DATA MVTRONG 1SIPL [RTPE s wAVFHT o ATMRUNS® TAKGLN? TARGHT ¢ UAIN 3¢
LR uny 1 SHSEPSHOWR SUELE ¢ POFLF s OPTHANIFNUM /301 09%Us 0.5/ DAIN 35
unun 6 (L1 C UAIN 3o
unans? uny C D TEFMINE THFE TYPE OF PROCFSSINGe RATLH OR DEMAND: WHEN LAIN 37
VONNISA um C ISTAKT=N, THE TYPE NF PROCESSING HAR ALREAUY BEFN UFTERMINED. UAIN 38
- uonnse um IF (ISIART.FQeu) GO FO 20 UAIN N9
| ML uny 1RUM1=Y DAIN w0
ufnnel uny PRINT SN UAIN @)
uwonne? uni C DAIN 62
ununey uny C FIRST CAQL OF NATA UFTFRMINES THE FURMAT OF FOLLOWING UAIN &3
unNNuL uny (% INFUT = BAICH QR NEMANU TERMINAL . LAIN us
f U0G0us voy REA! (90510) RUN DAIN @5
voNNuk (1] IF (RN Q.SHRATCY) 60 TO 10 VAIN «o
vonne? unil RUNZOHUF MAND DAIN a7
ALY ] un) LRUMZN DAIN «8
vonnue uoy 1o PRINT S2u¢ RUM OAIN 4y
uoNnso un C DAIN S0
| T ILEY | um c I+ HATCH KUNe RARANCH TO INPUT AY MNLIMONIC INSTRULTIONS: DAIN 51
| voNNs2 o 20 IF (IAUNGFGL) GO TO 270 DAIN 52
vonns3 uny C LAIN 53
uNnnHe un [ Nt MAND RN DAIN 54
woa0NS uny ¢ DAIN 55
W0UNHA "ny (o T+ PREVIOUS CALCIILATTONS HAVE ALEN PEKFORMFUe RRANCH DAIN So
uoNns? uny C TO CuDt THAT NECIM S WHETHER OR NOT NEw CALCULATIONS AKE DAIN 57
[LEY. uny c UFSTRFL LAIN S8
(MALEY ] um IF (ISIARTFuen) o TO 210 OAIN &9
(0L AT uny C DAIN &0
(OITLT | unm C READ INLTIAL VALUES OF INPUT DATA.  TF ISTARTS1e PREVIOUSUAIN A1
VONNK2 um C CALCULATIONS HAVE HFEN PLRFORMEN ANN A CHANGE 1S REING MADE ONDAIN 62
unNnd uny c SPLCIFIC INTTIAL VALUFS. UAIM 63
LU uny PRINT SHU DAIN A4
LRLRS un) 30 PRINT ST DLALIN &S
UONNKG uny HFEan (5e530) NVIRON LAIN &b
unine? uny IF (NVIPUNJNE+1+ANINVIRUN:NE.2) GO TO YO DAIN &7
U0NKA uny IF (ISIAKTFQed) 60 TO 240 DAIN &8
VONNK9 uny WU PRIV HAL UAIN &Y
uhanzn um KEAN (He580) WAVENT LAIN 70
uoan uny IF (WAVFUHT.LTshie) GO T &0 UAIN 71
onunr? ung IF C(ISIARTFuel) Gu TO 240 DAIN 72
unan?y uny S0 PRINT Hau DAIN 73
uonnTe um HEAD (SebUu) HIMRYF VAIN 74
uonun 7S uny IF (HTMRUF,LTeUs) 6O TO 50 DAIN 7S
. unun7e wny IF (ISIART.Fuel) 0 TO 2un UAIN 7o
unun’? uny PRINT &N UAIN 7?7
H uONN7A uni AU PRIMT bIU LALIN 78
| g s voan79 uny HEAD (505000 TARGLN CAIN 79
| ¥ unanNKo uny IF (TAKGLN.L.Tewe) w0 TO 60 UAIN RO
E 1 1 UK ) IF (IS1AKT.Fae1) GO 10 240 OAIN A1
I ¥ o UNINK2 (] Tu PRIMT wou DAIN R2
| y vonnKy um NFAN (Se580) TARGHT DAIN R)Y
| < Y uNNKe uny IF (TAKAHT.LTs0s) 6O TO 70 LAIN Ry
B HHINKS nny IF (ISIAKT.FUel) GO TO 240 DAIN RS
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VONONA uny PRINT oV DAIN Ao
voNoN? uni AU PRINT oL DAIN A7
["LOLLY Y um HEAN (Sed80) SHSEP DAIN A8
[T ALLT) um IF (SASFP.LT.N.) GO TO AU DAIN A9
VoNNYo uny IF (ISIAKRT.FQ:1) GU TN 260 DAIN 90
Wonnyl un) PRINT o%u DAIN 91
LoNne? un) U PRINT thU LAIN 02
vnuney un) HEAN (He530) 1STHE DAIN 93
VwoNnnua uny IF (ISIPE ek Tel o . ISTPL6T.3) 4O TO 90 DAIN 94
VouNYS un IF (ISVANT.FUel) GU TN 240 DAIN 95
VONNYe umy 106 PRINT 6T DAIN 9o
LoNNe? un) HEAN (Se580) Spoen DAIN 97
[LOLLTY o IF (SPUNKLT.0,) G0 TO 100 DAIN 98
(L O wn IF (ISIANTFue)) GO TO 2640 DAIN 99
VoNtILo un 110 PRINT oAV DAINLOY
voolot (1] REAN (Se9580) SUFELF DAINIOL
utate? uny IF (SPELF oL TePNoeURSOELF.GT1R0.) 60 Y0 110 DAINLO2
voniul un) IF (ISTART.FQ:1) GO TO 260 DAINLINY
unalne uny PRIMT 0% DAINLNY
0woN1u% uo) 120 PRINT 700 LAINLOS
V00106 uon) REAN (5¢530) INTPE DAINLOG
wonta? (L1 IF (1R1PLNE 1. ANDIRTPF . NE.2) 60 TO 120 DAININT?
voutun um IF (ISTART.FQ.1) GO TO 240 DAINLNG
wonlue 'L} ] 130 PRINT 710 DAINLIDY
wont10 (1] REAN (5¢580) RPELF DAINLILO
vonlil un) IF (RNELF oLTe0..0RRUELF.6T:1R0.) @0 TO 130 DAINLLL
oonl2 on) IF (ISIAKT.FQ.1) GO TO 2640 vAINLT2
wonid uny 180 PRINT 720 LAINILY
unule un) HEAN (Hed%0) OPTHAN LAINLTS
wonns un IF (UPIRANLT U «OH.OPTRAN.AT . 1s) 60 TO 180 DAINILS
["LIT R T un) IF (ISIAKT . Fu.l) 60 TO 240 DAINLYG
voun? uni 150 PRINT /%W UAINLLT
VONlIA un) HFAND (Ded&ul Faiim LAINLIG
vonne un IF (FNUM.LY.eS) w0 TO 150 DAINLL9
Von120 uny IF (ISIAKT.Euel) GO To 240 UAINL20
vonlet um [ DAINI2L
uonig? uny < PalAM THIC UR NON=PARAMETRIC MNUE? TF NON=PARANF IRIC LAINYD2
unnt 2y un) c MOUF (IPARAM NFe 1)e VARTARLE INPUT COMMLLTE . LAINL2Y
unnlse uny PRINT Jeu UANINL 26
unules why HEan (He9%30) TPanAM DAINL2S
w26 upy IF (IPARAM.NESL) GO TO 200 DAINL2®
voN2? un c OAINL27?
VONIZR uny C GIVE INUEX OF SPFLIFIC PARAMETRIC VARIABLE. THEN READ  ULAINLIZS
"L PL uny (8 LTS INCREMENTAL AND ENUTNG VALUES. DAINL2Y
uonl 30 um PRIMT SV UAINL S
woat st uny 166 REAN (55300 Ineing DAINI S
vont 32 un) IF (IN«Fust) Gy 10 180 LAININ2
von1s3 um IF (IMc.tB.iH ) 60 TO AT0 LAINLDS
unni e uny CALL CunvT (IN2) DAIN]L 3
unn 8S um INZVUeIN®IN? GAINLSS
[T KT uny 170 PRINT /60 (R LR
(T ITRY uny HEAN (5/560) SIEPLIND LAINLY?
vont A un PRINT TV DAIN] N
von 3o um HEAN (Se580) FUVALLINY LAINL Y
LI L) un 180 IF (ISIANT.EQ:L) GU TO 200 LAINISY
vonlel um c OAINLe]
VoNle? uny (4 T+ ADUTTIONAL PARAMETRIC VARTAALES AREL DESTREDe CHANGE  DAINLS2
["LIT3 %) un)y C INUFA. DAINLSS
VO lue un) PRINT neU LAINLGS
uontes o) REAN (5e5M) IN2 DAINLGS
[T LY uny IF (INcoNFol) 6N TO 190 LAINL&O
vonie? um PRINMT bW UAINLNT
unnien wn) 60 10 1AL LAINISG
von1e9 un [4 DAINLuY
unNnISn uny [ 1+ PANAMETRIC MONLe DETERMING THE CALLILATIONS TO A€ DAINLSO
[TIIEY] ("L.]] C PERFURNELD o LAINLISL o
LI LY uny c REAU THE INITIAL VALUE FOR COMPUTING A SINGLE RANWE: AND DAINLSZ
uoNn1S3 um (4 THE LONRESPONDING INCREMENTAL AND FNUING VALUES. DAINLISS
VoNnishe uny 190 IF (IPARAM.NE-L1) GU TN &90 DAINLISe
LR LY uny PRINT 8BSV DAINLISS
VoN1Se M HEAN (5:530) T(AL DAINLSe
T LY um IF (ICAL«GY.0) TCALZ) LAINIST
VONLISA um IF CISVTART.FQ.1) GO TO a%0 LAINLISE
VONIS9 (1] c LAINLSS
uonten L1 (4 VARIARLE INPUT COMPLFTF . DAINIAD
uhnint uny 200 PRINT 7AV DAINIAY
[T Y (1} I1STANT= LAINLIA2 -
vhoted voy 80 TV W DAINLAY
00nlae vo) c DAINIAG
uonies uny (4 PREVIVHS CALCULATIONS MAVE BEEN PLRFONMED. OAINIAS ’
[T LI w C LAINLGG
0onin? ("L1] c 16 ANOTHER RUN 1S DESIRED: MARF NECESSARY CHANRES!IF ANVILAINLIG?
[TOIEY ) ony 210 PRINT 7o OAINIAG 2
(TR (1] READ (5:530) In2 DALNIAY
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voN1 70 un)y IF (INCNFL1) GO Ty 890 OAINLTO
unnt /1 uny IF (IPARAM,.FG.1) CALL SIMAKY C(JRUN. ISUM) LAINLTE
uoat 72 un) ISTART=1 LAINLT2
uont /2y uny PRnT tuy OAINLTS
unal 74 uoy REAN (5¢530) TPARAM DAINL T4
vonr?s uny PRINT nNU DAINLTS
Nt 76 uoy HFEAND (55301 In2 OAINL 76
uwonr 7?7 uny IF (INCNF. 1) 60 TO 490 DAINLT? {
Uoul 7R um C DAINLI TS
uony 79 (L] C GIVE ITMUEX OF VARLABLE TO At CHANGEU! THEN BRANCH TO DAINLIT9 !
VONIKO uny c AP RUPKIATE REAN, UAINLRD
u0atel um PRINT /S0 DAINIA)
NI N2 un) 220 KEAD (5ed30) INelNe VAINLIR2
uNNINy uny IF (INcetQeli ) LU TO 2W UAINLRS
(TOR LY uny CALL CumMvY (INg2) ODAINLAY
L LY uny INSTUCIN®IN2 LAINLAS
DO uk un) 23 L0 TU (WeuN, 1200400 50,A007NsRVP 1003103091400 1500240)00 IN DAINLRS
[T Y unj C UAINLR?
VONITHA uny [ I+ PAKAMETRIC MODEe HRANCH TO CODE THAT RFADS INCREMENTADAINIAS |
VouI K wn ¢ AMU LNUTING VALUFS. UAINIR9 |
uonlen ney 24y IF (IPARAM,ME«L) GO TO 260 DAINL9Y |
uonivl uwny PRINT w2V DAINLO)
woulv2 un) RFAND (Le530) IN2 ULAIN])Q2
(LA A (LT} IF (IN¢oFo1) 60 TO 2% UAINL9Y
vonive uny w0 YU 1TV DAINLO4 {
[LIELY uny 250 STenrtiInIzn, DAINLOS |
LI BT um C DAIN] 9 |
B vontu? um C T+ ADUTTIONAL CHANGES ARE NESIRENe CHANGE INDEX. DAINjO7 |
UNN1YA uny 260 PRINT b1V DAINLOY |
vwon1Y9 uny REAN (5¢530) IN? DAINL9Y {
won200 un IF (INcoNFo1) 60 TO 19 DAINZOV
uon2ol uni PRINT B3 UAINZN) {
unu2u2 un) 00 TV 2V DAINZN2 {
vhn2uld uny [ LAINZNS |
won2nu un) C UAINZNG {
uoN2ns uny « RaTCH RunN, ULAIN20YS 13
0on2u6 uny C DAINZNG |
non20? uny « READ INPUT MMEIIMONTIC. IF ANY TNCHEMENTAL VALUF AFPEAKS: DATMZNT
unNu2uA uny C SF1 THE FLAG FOR PARAME TRIC INPUT. DALIN2NS
unn2u9 on 270 RFAN (5e510) TVAR 21022443 LAIN20Y
unn21n un WRITE (AeSHN) IVARIZ10£202) ODAIN21V
von211 un c DAIN211
von212 um IF (Z1.LT.ne) (130, VAIN2TI2
won213 un) IF (ARS(£2).e0PN.) 23=¢1 DAINZ1S
uon21e um IF (ARS(£2)eNFoN.) TPAKAME) DAINZIG
L OFE Y uny [ DAIN2YS 3
voN216 uny C TeST THE MMEIIMONIC AGAINST THe SET OF INSTRUCTIONS THEN DAIN216
unu21? une { HRANLH TO APPRUPRIATE SFCTION OF Conte DAIN2) Y
WONn21A wny uo 28N 1=1.1Y9 DAIN21IS
unon219 ()] ezl DAIN219
von220 unm IF (IVARFQ.INST(I)) GU TO 290 DAIN220
wnn221 uny 280 CONTINUF LAIN221 |
vou22? wo 00 10 27 DAIN222 !
voNn2¢3 wm ¢ DAIN223 |
vON22% um 290 G0 TO (NG00 390, 3100320, 3300 3400 350, 3700 380,400:8100820°87008300AIN22 |
unn2es um 1euunenoNoannibyn), 1P DAINZ2S i
WNN226 (0] c DAIN22S !
won22? v C FNVIRUNMENT = CUASTAL OK DEEP DAIN22 7 }
[UEFL) uny 300U NV IROM=1 LALN228 |
N9 un IF (L1.Fuere) NVIRONS2 DAIN229 |
unn2 a0 um STenrlti=e2 LAINZ3O !
XY uny LNVALILY=2) LAINZIL i
X un 60 YO <V DAINZ3I2 {
won23y uny « UAIN2DNS
unn2 e uny C WAVE MF IGHT UAINZ N
RLOER L] wmy Mu wAyrit=71 DAIN23S
TLOER LY uny STErin) =2 DAIN2Ye
unn2 87 uny ENVALIL)ZZD DAIN237
VON2 R uny 00 10 ¢ OAINZSH
won2 e uny c DAINZ3Y 1
uNH2en uny C ’ ROTTOM ROUGHNLSS OAIN2&Y
wonlel uny 320 HYMnUF=71 DAINZG)
TLOELY um STeniSize? LAIN262
unnled um LOVALISI=Z) UAIN2E S *
L e uwny GO 10 0 LAINZGN
i won2es wm c DAINZES
f won2en um ¢ LENGTH OF TARGFT LAINZOD
unu2e? "L, 3] AW TARALN=7) LAINZGT?
i .4 L e uny STet'thl=e? DAIN2GY
uhn2eo un) eNVALInI=Z)y DAINZeY
[LOESU uny 50 W ¢ LAIN2S0
'y voN251 Wy ¢ DLAIN2SL
unNN2N? (] [ He T16H1 OF TARGFY DAINZS2
i [ OTAY ] way 380 TARGHTZ2) DAINZSS
o ML uny STeot7)2¢2 DAIN2NG

2

O

BEST AVAILABLE COPY




!
ML ("1} ENVALIT7)=2) DAIN2SS
VOU2%H ooy w0 TO <70 DAIN2S6
V0N2ST? M DAINZST?
V0N25A uny C SOURCE RECFIVER SEPARATION DAIN2SH ]
©wNN2%9 ("1} 350 SRyKFP=/1 DAINZS9
VoN2n0 un STen(A)=¢2 DAINZAU
von2nt um ENVAL(B)=2) DAIN2/]L
000202 umy 60 TO 27v UVAIN262 |
V0N2n3 ¢ DAINZGS |
V0N2ne um C SOURCE TPE DAINZHG |
von2nS un) 360 ISiPE=] DAIN2AS
V0206 uny IF (21+Fue2e) ISIPE=R LAIN2RG
voN2n? um IF (21.Fuede) ISTPES) DAINZRT
voN2nh uny STeP(2)=(2 DAIN2AB {
V0269 uny EDVAL(2)52) DAIN2KY 4
won270 um w0 T0 270 UAIN270 |
von271 um c DAIN27) |
won2 72 0oy SOURCE POWER DAINZT2 ]
voNn273 uny 370 SPUwWR=¢1 DAIN273 ]
0nn27e ["L1] STer(9)=¢2 DAIN27e
VoN27% (.1} ENVALIYIZZ) DAIN27S ]
unNN276 un 60 TO 27V LAIN2TG {
von277 ¢ DAIN277 |
UoN27A Vo) C FuLL SOURCE ANGLE LAIN278 |
0on279 (L1} 3A0 SDEI F=¢l DAIN279 |
000280 (13} S>Tep(1v)=22 DAIN2AO i
VoN2K1 um EDVALILNI=¢3 DAIN2RL |
voN2n2 un IF (SPLLF6T.180.) SDELF=SUELF=180, DAIN2A2 |
VON2K3 ony IF (ARS(£2)+EQ.0.) EDVAL(10)=SVUELF DAIN2AS |
LT um 60 TO 27V OAINZRG {
[T OFZLY o € DAIN2RS |
UNN2K6 uny (4 Rt CEIVER TYPE DAIN2RG |
0002n? vl 390 IRIvE=1 DAIN2AT7 |
V0N2HA um IF (21.Fueze) IRIPESR LAINZ2RS {
V02K uni STerty =42 LAIN2R9 {
000290 un EDVAL(3)=2) LAIN29Y |
V0N291 uny 60 TO <7V LAINZOY |
uoN292 uny C UAIN2Q2 {
unn2y3 um C FULL RECEIVER ANGLF LAIN29Y |
u0n2Ys uny 400 RDE| F=£1 DAIN294 |
VwoN29% un) STent11)=72 ULAIN2aY |
V0N296 uny ENVALILY)=/Y DAINZ96 |
unN2y? un IF (RNELF «6To180.) RUFLFSRUELF=180. DAIN297 |
uoa2vA ony IF (ARS(£2).EQ.N.) FPVAL(11)=ROELF DAINZ98 1
V0299 oM 00 TO ¢7v UDAIN2OY 4
von3n0 um C DAINSOO
vonlnl uny [ THANSMISSION OF OPTICS DAIN3O0L
N2 om el0 UPIRANZ?] DAINS02
[T ITR (TR uny STentle)=22 DAINSDS
V0N30G un) ENVAL(12)2¢3 DAINSING 4
0on3nS um IF (OPIRAN.GT+1e) OPTRANZO. DAINSNS
0036 uny IF (ARS(£2)+ERN.) EDVALL12)=0PTRAN LAIN3OG
von3u? uny €O 10 270 DAINSO?
O ORI uo C LAINSNY
LR TTES un C F =NUMKF R DAINSNY
von3I0 un 420 FNUMz2) DAIN3SIO
voniil um STer(13):22 DAIN31L
vons? unm ENnvAL(13)=¢) DAINST2
von3 3 uny IF (FNUMeLYeo9) FNUMZ,S DAINSYS
von3e uny I€ (ARS(c2)+€EQ:Ne) FOVAL(13)SFNUM DAINSYIS
unuldls (1] 0 TO ¢7v DAINSLS S
MRS M ¢ DAIN3YS
uond? um [ StT FLAG 1O CALCULATE MAXIMUM wiIDTH DAINSY?
uondIA um 430 IF (1CAL«Fue2) GO TO W50 DAINSYE
vooMQ (L] ICaL=y DAINSYY
unnI20 (I1,]] 60 10 27V LAIN320
unnset uny c UAINS2) 3
unnse2 uny C StT FLAG TH CALCULATE MAXIMUM RANGE DAINS?2
vons23 uny #8U IF (ICAL.Ew.3) GU TO 450 DAIN32S
Von 2. (1.1} ICa 32 DAINS24 or
Vo0 YeS uny 60 T0 270 DAINS2S 1
[TORFL e DAINS2o =,
[T A Pad un)y C SET FLAG TO CALCILATE ROTH MAZTMIM WIDTH ANU OAINS??
unn3zA um c MAXTMUM RANGE DAIN32Y ;
Von3e9 (0] ] %0 1Cai=e DAIN329 L4
0NN330 um 60 T0 27 DAIN330
[TOREY] . c DAINSNL
[T AR um (4 SET FLAG YO CALCULATE SINGLE RANGE ONLY DLAINS32 =~y
von3sd um a6y 1CaL=1 DAIN33S
[TORRTY uny 6V 10 27 UAIN338 g}
[TIARLY v ¢ DAIN3AS g
[TOARTY un c *ANGL DAINS36
000337 om Ty HELANTE7) DAIN3S? P,
[T OART] um STepl1e)1=22 DAINS !
[T OAE L) um EnvaLtini=¢y DAINSY9
00n %N om 0 70 ¢ DAINSNO i
|
3 [!;IE!;:I. : : ;




e

o relmrcesy

unnsul
uonle2
[IOITR T )
wonlua
unnlus
VONYuk
onNnlu?
VONIUA
V0N 349
v 3sn
[(GORLY ]
unNin2
VOIS
TONRLTY
unNInS
[((HORLETY
wnnis?
((LORLL
uouiIshe
(LR Y]
["LITRTY |
UBaIne
VON3INY
(TR LU
(LR TLY
UNN3nG
uoNiIn?
[LITRTYY
LNNAINY
(IR VAL
unad
uonyz?
[LORYA)
unasle
(WA A
(IO ITR Y )
von3??
LR YA
unny/9
V0N IH0
LR
00N IN2
UoN3IN3
UL R LT
V0N IS
V0N 3ING
0on3n?
V0N INA
V0N 3R9
VoN3Y0
Vondvl
Vo032

(T ITLITS
unnnne
vounny
uonnne
unonus
vounNue
unann?
VONNOA
unnnnQ
vonnio
uhant
uonny?
vonny
unnnie
wonol1s
("L a0 Y
unnnyr?
UontRA
vonniY
vounzo
vonnzi
vonng2
ufnunzy
uonnze
vONnn2S
Wnunze
unnnz?
"L AL PL
vNNnNgYy
wonnin

(Y1 )
wn)
un)
un)
un)
uny
un)
um
un)
un
uny
um
um
uny
uny
uny
uny
um
un)
uny
un
i
uny
um
unt
uny)
uny
um
uny
uny
um
um
um
un
unm
Loy
uny
un)
uny
um
unj)
uny
unm
ua
uny
un
un
un)
uny
un
uny
um

uny
um
uny
um
o
uny
uny
uny
un
un
uny
uny
uny
om
un)
om
um
uny
ouny
v
unm
ony
un
uny
uny
uny
unh)
un
unjy
um

~coe

ann

2 EalalaNzRaNal

an

WAy

w9

SN0
St
S20
530
Yuu
S50
H6U
ST
SAuU
“90
w00
wlu
620
630
L1
hS0
w6HU

w70
&AL
6%
700
T
120
7%
740
750

anfevs?) DAINSAL
760 FORMAT (40n IMCREMENTAL VALUE (Tiv FLOATTNG POINT):2) DAINIRZ
770 FORMAT (35K ENUTNG VALUF (IN FLOATING PALNT)Y:2) DAINSRS
TRU FOMAT (c5H PARKAMETFR INPUT COMPLETE/) DAINSAY
790 FORMAT (63n DO YUl) WANT ANOTHFR RUNe YEG(1) OR NO(2):?) DAIN3RS
A0U FORMAT (39H CHANGE PARAMETERIS)e YES(1) UR NU(Z):?) DAINSRO
AlL FORMAT (321 MOKFE CHANGESe YES(1) OR NO(2):2) DAIN3AT
R20 FORMAT (4AH PARAMETRIC OR NON=PARAMFTRIC VARIABLE® 1 OR 2:7) DAIN3AS
H3U FORMAT (14p CHANGE TINNEXZ) DAINSA9
HUU FORMAT (45H MOKRE PARAMETRIC VARIAHLESe YES(1) OUR NO(2):?) DAIN390
K50 FORMAT (S4H MAX. RAMGE(2)e MAX. WIUTH(3)e BOTHIG) OR NETTHER(S)I2)DAIN3QL
END DAINSO2-

SU SO INF DATAOL (1S!IM) vaoY 1
napl 2

SUMROUTINE DATAUT OUTPUTS THF FULLOWING VARIAWLESS (TLYV) S )

MARTMUIM RANGEs MAXIMUM SWATH WINTHy CONTRAST AT CENTER® LAOT &
CONTHAST AT e0GFe AVAILABLE LINFS AT CENTEKe AVAILARLE vaoY S

LINFS AT FuGe DAOY o©

vaot 7

COMMON HBLUCK OF OPTIONS DAOY @8

COW UM /UP1S/ LRUNe TPAKAMY ICAL vaol 9
0DAOY 10

CUMMON HLUCK OF [/70 VARIABLES vaol 11

COMMON 7100 IST/ NVIRONe ISTPEe IRTPEe WAVEWT» UTMRUF ¢ TANGLN® vaoY 12

1 TAnGHT e SKSEPs SPUWRe GUELFe RUFLFe UPTRANe FNUMe HFIGHT e 0AOT 13

2 RAtoMive RAMGF ¢ RANGALe RANGER:» RANGMYe SWWTHL: SWWTHRe SwwTHH. DAOY 14

3 >weTHe AvSwle AVSHRe AVSWs LINCENs LINEUGe CTRCENe CTKREDGe  DAOT 15

G NUFXWLe NUFAWKe LIMFLG LAOT 1o
baot 17

UIAENSION JALD) LAOY 18

VI 4 NSINN ¢FRO(10) LAOT 1y
REAI LINCENCLINFUG LAOY 20
LaoT 21

UA'A TAZOHEOWER 16HRe ANGIOHSe ANGIANRKSKR T OHUISPLA/ uao: ;g

LAO

LAITVALFNCE (ZERU(L) ¢RANGMN) LAOT 2%
LAOT 2%

IF (LIMFLGGL.Te1) GO TO 10 LAOT 20

NDE YW =8 vaotl 27

NDe Y wR=% vAOY 28
LAOT 29

10 IF (IPUNFL.L+OR: IPARAMIEO.1) 60 TO T0 DAOY MO

31

LAINSu]L

St FLAG TN PLRFORM CALCULATIONS?! OKR DAINSG2

RF=WhITE IS IN EFFECT = READ NeW SET OF CHANGES DAINSUYS
ISIARTEY DAINSuY
DAIN3US

COnNTINUF DAIN3UG
RF 11IRN UAINSuT
UAINSug

DAIN3UY

DAINSS0

FOMMAT (uhk IF BATCH RUNe ENTER = BATCHI OTHERWISE RETURN) DAINSSY
FORMATY (A6 3X* SFLNDLN) UAIN3S2
FORMAT (1XeAbPuH QUN) DAINSSS
FORMAT (11,A)) UAINSSY
FORMAT (Llueu! UAIN3SS
FORMAT (IXoAbP IX0 SF19e5) LAINSSe
FORMAT (27x0221CONVFNTIONAL TV SYSTFM/3Y 0 1 IHENVIRONMENT) DAINSST
FORMAT (2hk COASTAL OR NEEFe 1 OR 2:2) DAIN3S8
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[TLOLEY | uny C RECEIVFR FACTUR MAIN S)
uONn0s2 (0]} DATA 2 71070000.u014/ MAIN 52
voNns3 uny (4 MAIN &3
L OLETY uny € P MAIN Se
0W0nnNssS un UATA PLIT 73.1815920%/ MAIN &Y
vounsk uny C MAIN S
ununy7? (IL1] « INTTTALIZE THE NUMAER OF SIIMMARLES COUNTER! AND SELY THE MAIN &7
UNNNSA unmy [ EVECUTION=HRANCH FLAG FOR KREANING Tut FIRST CARD OF INPUT. MAIN S8
LVONNKY un C THIS CARD SPECIFILES THE TYPE OF PROCESSINGe BATCH OR DEWAND MAIN &9
VwoNnOKn uny (H TFRMINAL « MAIN &0
vonnel un ISIART==1 MAIN &1
H VON0K2 uny 1Sun=n MAIN &2
i OO un C MAIN 63
i} VoNNee uny C READ DATA INPUT. IF NO DATA [S GIVENe STOP EXFCUTION. MAIN &6
5 unNnKS uny fu CALl NDATAIN (ISTARTe ISUM) MAIN A5
(L OLETY uny IFLAL=L MAIN &0
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voun? un) IF (ISVAKT,NEsL1) GU TO 30 MAIN &7
(TOLEY uny C MALIN &8
¥ V0069 e C INCRFMENT THFE NUMHER OF SUMMARTES COUNTER. PERFOKM MAIN AY
wonn70 ung C CALCULATIONS AND OUTFUT RFSULTS. MAIN TO
vonn7t uni 2u ISUMSTSIMS) MAIN 71
wonn72 (.1 CALI HLIMIT (IrLAG) MAIN T2
vono73 un) CALI NATAOT (Istm) MAIN 73
vonnTY un C MAIN T4
uonors unt C Re=SET [HE EXt CUTION=HRANCH FLAG TO STOP EXECUTION. IF MAIN 75
0oNnn76 (1] C IN FARAMETRIC MODEe UPDATE THE NECESSARY PARAMETER. (IF THE MAIN 7o
voan?? um [ VALI%® OF A PARAMETER HAS REEN CHANGFUs SUBKOUTINE UPDATE WILL MAIN 77
vounT?A uh) € SF1 THe EXECUTION=HRANCH FLAG TO PeaFORM New CALCULATIUNS.) MAIN 78
vonn79 um Cc IF IN NON=PARAMETRIC MUNEe OR IF NO CHANGE IN THE PARAMETEKRS MAIN 79 }
UouOKo uel [ 1S FADE e CUNTINUE READING INPUT. MAIN RO i
vonnsl um ISTART=0 MAIN AL
VoNnnK2 uft IF (IPARAM,EQ@+1) CALL UPUATE (ISTART) MAIN R2
VoNNK3 um IFLAG=LSIAKT MAIN RS
VonnKe ong IF C(ISTAKRT.F@.2) GO TN 20 MAIN A4
V0NOKS vo) 60 T0 10 MALIN RS
VON0BH (T3] c MAIN A6
VONOKR? um c 1+ SUMMARY INFORMATION IS GIVEN® OUTPUT THE SUMMARY MAIN A7
VONOMA un) c TAbLEe STUP EXECUTTON. MAIN RB
00089 om 3U IF (ISUMGNE«0) CALL SUMARY (IRUNe:ISUM) MALIN A9
v0N0Y0 uni Stor MAIN 90 ;
00009} vo) c MAIN 91 5
000092 00 ENVL MAIN 92~ :
uounul uni SUBRONY INE SUMARY (TRUNe [SUM) SUMA )
vouNL? vo) c SIMA - 2
vonnul um c SURROUTLHE SUMARY OUTPUTS COMPILETE SUMMARY INFORMATION  StMA 3 :
vonnoe on c UN THE VISUAL SFARCH SYSTEM PROGRAM SUMA & 1
"L ALY v ¢ SHMA 5 f
L OLIy un DIMENSION NVIKONTS) s WAVEHT (8) ¢ RTMRIUF (4) » TARGLN(B) » TARGHT (8) ¢ SUMA o {
wonnu? uni 1 SnSFPIB)e ISTPE(n) e SPOWKIB) e SDELF(4)e IRTPEIB) SUMA 7 1
VouNuA uny 2 ROELF(B)OPTNANIY) s FNUMIB)» AVSWKIR) e AVSW(B) ¢ RANGE(B) SUMA 8 i
unnnuy (131 3 RAHGMN'B) s RANGMA () P RANGEE(B) e SWHTHIH) 1 SWWTHL (B) s SWHTHR(8) ¢ SHMA 9 t
Lwono10 on) 4 SawTHE(E) s RANGAL (8) ¢ LINCENIB) +LINENGIH) s CTRLENIB) »CTREDG(B) ¢ SiMA 10 13
vounIt umy S AvSWLIB) IAL(8) LAK(8) o TPART2(8) SUMA 1)
uwonony2 ("L VIMFNSION NAME (1) SUMA 12
Vwonn} 3 uny REAI LINCENCLINFUG SUMA 13
vounie un C SUMA 18 3
[T ALY uny VATA NAME /6H  COArUHSTAL »6H PUHOFEP SUMA 15 {
ununie uny 1 6H INCoUHAMD « s GBHTHAL e UHINDe SUMA 16 4
vonny? uny 2 AHMERC . +4HVAP . 0 AN VID 4HICUNY SUMA 17
vondl1A (13} 3 6H '4MH SLT/ SlIMA 18
unany9 uny c SUMA 19
vonnzo uny HEWINN Q SUMA 20
uoonegt uoy c SUMA 21
uoNnne2 um ICk=4 SIMA 22
"L P ) un IF (IRUMEW.L) TCK=A SUMA 23
E Vonn2e uny KNIRzN SUMA 24
: wonnzgs un) U0 70 I=leSum SUMA 2% ﬂ
i LT Py uny KNTRIKINTRS ) SUMA 26 :
i vonng? um READ (9Y) NVIRON(KNTR) e wAVEHT(KTR ) o RTMi ik (KNTR) SUMA 27
: VONN2A um REAND (YY) TARGLNIKNTR) » TARGHT (KNTR) SUMA 28
; vonnze un REAN (Y) SKSEP(KNTR) SUMA 29
; vonnan uny READ (Y)Y TSTPEIKNTR) o SPOWR (KNTR) ¢ SUFLF (KNTR) SUMA 30
, uonn it unm RFEAN (9) IRTPE (KNTR) s RUFLF (XKNTR) s OPTRAIRNTR ) ¢ FNUM(KNTR) StimA 31
} uouny? uny HEAN (9) RANGE (KNTH) ¢RAMGAL (KMTR) ¢ RANGMN IKNTR ) » RANGMX (KNTR ) ¢ RANGERS!IMA 32
‘, vONny3 (3] 1 (KTR) SUMA 33
: unnis ufy HEan (9) LINCFNIKNTRIpLINFUGIKNTR) s CTRCENIKNTR) ¢+ CTREDG (XNTH) SHUMA 34
: voNnaS uny REAN (Y) AVSWL IKNTH) 1 SwWTHL (KNTR) » JAL (KNTR) SUMA 1Y
: voN036 (L REan (Y: AVSWRIKNTR) ¢SwWTHRIKNTR) » JARIXKNTR) SUMA 36
[ vonnys? uny READ (Y'Y AVSWIKNTR) ¢ SWNTHIRNTR) ¢ SWHTHR (KNTR) SUIMA 37
: VONN3A uny c SUMA 34
: vonnye un) IF (KMTRFUICKURTCEQ.ISUM) 6O TO 10 SUMA 39
: vonnen un 60 10 /P SHMA 40
voNnyl uny c SUMA 4}
s VONne2 um 10 CONTINUF SHMA 42
: voune3 uny IF (IRUNEwel) GO TO 20 SUMA 4
VonnNue uny PRINT bn SHMA &4
vonnesS uny NFan (5:90) SUMA aus
VON0NG uny 00 7O In SIMA 86
vnne? (]} 20 PRINT 2PV SUMA a7
! : VounNeA oum 30U CouTIMF SUMA 48
‘ i VoNnou9 ony [ SIMA &9
p V0N0%0 voy VO 4l RZL1eRNTR SUMA S0
i VoNnNs1 un INSMVIRONTK ) SNV IRONIK ) =1 S\IMA 5]
' b voNNsS2 um INPIZING) SIMA 52
. U053 uh) NVIRUN (K I=NAME (IN) SIMA 53
§ UONNSe uny IPART2 (Y )SNAME ( [NPL) SUMA 54
: vono%S (L1} S0 COUTINUF StMA 55

(=)
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3
i M
E
UGaaNe unt PRIMT 10ue LINVIRONIK) » TRPART2(K) ) oK=L 2kKNTR) SHMA S¢
ununs? uny PRINT 1200 (WAVEMTIK) e K=1eRNTR) SIIMA 57
3 . uNNNSA uny PRINT 13e (BTMRUF (K) ek=1¢KNIR) SUMA 53
uvonnsa uni PRINT Ltue (TARGLNIK) ¢k=1/KNTR) SUMA 59
[TLITO N un) PRINT 1Sue (TAKGHT(K) eR=1+nNTR) StIMA A0
d vonnel um PRINT 1AUe (SRSFPIK) oK=1eKNTR) SUMA K]
F V0NOR2 um 00 0 R=lerNIR SUMA 62
] J [0 BT un) INSISTHF (K ) $JSTPEIK) +3 SHMA 63
unNNKY uni INCIZTNG D SUMA Ay
uNNNKS uny ISIPE(R)ENAME ( IN) SIMA hS
unNn6LG uny IPART2 (v ) =NAME L THPL) SUMA 66
[TLOLCY4 um S0 COUTINUF SUMA 67
uoNNHA uny PRINT 170 (LISTPE(K) o IPART2(K) ) oK=S1oKNTR) SUMA A8
y voanNKo un) PRINT JRur (SPOWRIK) oKZ1oKNTR) SUMA /9
unna N uny PRIGT 190 (SDELF(R) oK=1 e KNTH) SUMA Ty
unan71 unm U0 ~U RZ1eRNIR SUMA 71
vonnz2 uny INSTRTHF (KD #IRIPE(K) 49 SUMA 72
uvonn?y un INe1=Ine ) SUMA 73
vonn /e uny IRTreE (R ) SNAME LN SIIMA T4
voNn7TS uny IPAL T2t ) SNAME (TR ) SUMA 7%
uonnze uni 60 CONTINUF SUMA 76
unan’? un) BPRINT eNUe (LTRTPEIK) o [IPART2(K) ) oKZ1oKNTR) SUMA 77
unun’a uny PRIMT clUe (RDELF (K) oK1 oKNTK) SIMA 79
voNnz9 un) PRIMT c20e (OPIRANIK) ¢k=1ekNTR) SUMA 79
(LG uny PRIMT ¢ (FHUMIK) oXK=1eKMNIR) SUMA RO
unaosl ung PRIMNT clUe (RANGEIR) 2KZ) s KNTH) SUMA Al
F. 5 LOLLYS uny PRINT 25U (RANGALIK) en=1eRNTR) SUMA K2
uontnd wo) PRINT cfue (RANGMAIK) k=1 enNTR) SUMA R)
UKL un) PRINT ¢TUe (RANGMXIK) oK=L eRNIR) SUMA Ry
uoNDKS voy PRINT ¢RUs (HALGEAIK) sR=1oANTR) SUIMA RS
(LYY uny PRIMT ctue (LINCEIIX) ok=1enHIR) SIIMA Re
[NLCY un PRINT 30Ue (LINFUSIK) sR=1eRNTR) SUMA A7
UNHnA vy PRINT 310¢ (CTHCENIK) sR=1+aNTR) SUMA RY
LONOK9 uny PRINT 30Ue (CTRFUGIK) ek=1eRNTR) SUMA RY
LouNyo un PRINT 37Ue (AVSWLIK) o X1 oKNTK) SUMA 99
unnnyl un) PRINT 3% (SWwTHLIK) eK=LekNTR) SUMA 9}
uonnu2 uny PRINT SuUe (IALCK) o1 oMNTK) SHMA 92
uonny3 uny PRANT 3%Ur (AVSWRIX) oK1 oKNTR) SUMA Q3
uwonnye uni PRINT 3%We (SWeTHRIK) 'R=1+RNTR) SUMA 94
0oNNYS uny PRINT 34U» (JAKIR) ox =1 o KNTR) SUMA QY
UNNNYe uny PRIMT 3AUe (AVSWIK) eK=1eKNIR) SUMA 96
Lwouny? uny PRINT 350 (SWWTHIK) oK=1 sKNTR) SUMA Q7
UnNNYA (L3} PRINT ¢AUr (SWWTHHIK) tR=1eANTR) SUMA 9y
uonnye um C SUMA QY
uonloo unm KNTR=0 SUMALO0
uontol uny 7o CONTINUF SUMALIN]
uonlv2 un) ISum=n SUMAL02
uontod uny C SUMAL0Y
wonlone uni RF 11IRN SUMAL 4
won10% uny (s SUMALNYS |
uoal06 (] [ SUMAL NG
; uont07? um C SUMALNT
| unNnluA um Al FORMAT f2uH CLEAR SCHFEN AND RETURN) SUMALNE
| wonl1u9 uny 90 FOKMAT (80A1) SUMALNG
0oun110 um 100 FORMAT (1H]) SUMAL10 |
voninl om 110 FORMAT 121 WATFER TYPE:»11XeB(2XeA6IAL)) SUMAL1]L |
| unnt1i2 um 120 FORMAT (16H WAVF HEIGHTFT: v TXeAF12.4) SUMAL12 |
won11d um 130 FORMAT 211 HOTTUM ROUGHNFSSeFTS 02X eBF 12e8) SUMALY )Y g
uoulle uny 140 FORMAT (LRK TAKRGET LENGTHeFTSeSXeAF12.4) SUMAL LG :
wonl1sS uey 150 FORMAT (1AH TARGET HETOMT R TIeSY 0 AF1244) SUMALLS
uontlle6 uny 160 FORMAT [13H SeReSFPIFTIo1UXeAF12.4) SUIMAL G
| voni? uny 170 FORMAT (8H SOUKCE 2 15X A(2X0AGIAG) ) StMALLT
| UONti1A uny 180 FORMAT (N SOURCE POWER I WATTSI e 3X0AF12,.4) SIMALY B
| uon119 un) 190 FORMAT 17 SOURLE AEAMIUF G e 6XeBF L2, 4) SUMALYY
| DI P uny 200 FOMAT (101 RECEIVERIv13Xeb(2X0ADIAL)) SUMAL 20
| vonizi uny 210 FORMAT (19h HECELVER NEAMIUFGE 14X 8F12,0) SUMALD]L
| unnte? um 220 FORMAT (HH TAUI v LAXeHF12,4) SUMALD2
i unnles un) 2% FORTAT “10n FoNIMHERS e 13ReHFLI2,4/7) SIMAL2Y
| unnize un 200 FOUMAT (INH RANGE ¢ T2o 1 3Xe6FL12.4) StMAL 24
| von1es uny 250 FORMAT (2Xo 10M RANGF eALS o 11X0RF1Z.4) SUMALDYS
; vone6k um 26U FORMAT (X0 12H MINIMUMIFT 1 9X08F12.4) SUMAL 2B
| unnlz? ouny 270 FORMAT 72X 12H MAXIMUMFT: s QXoHFL2.0) SUMAL 27
| VLD P nny 2R0 FORMAT (2Xo T BESTIFTIo12X0AF12.4) SUMAL 28
| Von129 um 290 FORMAT (17H AV LINES AT CTH:v6Xe8F12.4) SUMA 2y
| vont 3o uny 30U FORMAT 2Xe9H4 AT FUGE:»12XeAF12.4) SUMAL S0
| 0ont st uny 310 FORMAT (17 CONTRAST AT CTK:v6Ke8F12,8) SUMAL 3}
| voNn13y2 un) 320 FORMAT (231 AV LeMeSe SW WINDTHeFTIoAF12,.4) SUMAL 32
| | i 0von13d um 330 FORMAT (2Xo 1AM ACTUALPFTIr1NXI8FL12.4) SIMAL NS
| ; wont3e ony 380 FORMAT ‘gXs14H = LIMITED AY:eTXr8(6XeAR)) SUMA]L 36
y [TOIRE] om 350 FORMAT (£3M AV RoHeSe SW WINTHFTIoAEL2,4) SUMALSS
i vonl3l6 Vo1 36U FORMAT (191 AV SWATH WINTHeFTI 4X'BF12,.06) SUMA L 36
g 1 von1s? om EnV SUMAL 7=

A T s Y e
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voanul
vonoL?
wonnul
uoufins
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SUsROU) INF TVFUNC (RSETeICAL)

CUMMON BLOCK OF 1/0 VARIAHLES
COMMON Z1OLTST/ NVIRONe ISIPEe IRTPFe WAVEHMT: BTMRUFe TARGLN?
1 TARGMT. SKSEP» SPOWRe SUELFe RUELFe OPTRAN¢ FNUM» HE IGHT ¢
2 RANGMNe RANGE » HANGAL» RANGER: RANGMX,» SWWTHLe SWWTHR: SwwTHA,
3 SweTHe AVSwle AVSWRe AVSWe LINCENe LINEUG» CTRCEN: CTKHEDG,
& NUFXWLe NUEXWKRe LIMFLG

COMMON BLOCK OF COMPUTING CONSTANTS
COMMUN ZIVLOM/ A(2:2)0 R(201102)0 CL20),D(2:2)0 EL10)
1 Fl(2eclir 12020300 HI20203)0 NUL10)e O(15)e PL202)0
2 QU15)e S(Z2)e TULL)e W(TU)e 2(2)e PII

HEal L1 NCENoLINEDG

I=wvIRUN
J=inipt
KZ[STPE

COMPUTE [N METFRS: DEPTH OF FTELDe SOURCE-RECEIVER
SFPAKATTONe AnND VELOCITY(METERS/SFC) .
UF=,3506Ae (. 5¢ (wAVEHT*RTMRUE ) ¢ TARGHT)
ANGI ERZ . U0DKT26654RUFLF
ANUI ES= . U0KT2665¢SOFLF
SRSFP1Z, INUARSSKSEP
SRLHFPIZ.HeGRSEP]

CUMPUTE SIGNAL CONSTANT AND RACKSCATTER CONSTANT
ClL)Z.UNURINZSESPOWREOPTRANSG( [ 2 JrK)
Cl1)=C11)/112B.ePL18(1,0=CUSIANGLES) ) *FNUMSFNUM)
CLIZCLLI oS (1) e, 028HIT oK) /(1500610 JsR) )

INITIALIZE N¢* Q¢ AND O
uo 10 11=1.10
NULT)=U
atyri=a.
olin=u,
COITINUF
VO 2u 11=1)015
wllt)=v.
otir)=v,.
CONTINUF

W(2)==ANGLER
oler=at?)
IFLAG=Y
IFLAG2ZD
NOL)=TLAL

StT Ok CHOOSFE. RANGE IN METERS
RANGS . SNUASRSEY
IF (ICAL+FGel) GO TO 30U
RANGI= . S366¢RANGMN
RANGZRANIO]
Cler=1./7A010))
0(1)zRaNL
EANGEATANISRSEF L/ (RANG*RANG) )
UFLTAI=TANLANGLER=EANG)
UELTA2ZTAN(ANGLER *EANG)
CU5)2R, eHANGS (OELTAL4NELTAZ)
CUH12C(5) /7« 304ASTARGLN)
IF (C(5V1eLT1:529¢) 60 TO S0
N(3) 21
vii2)z=p,
0 10 1SV
Nle) =
N(3) =N
Ti1zn,.
T2<n.

COMPUTF: SIGNAL CIHRENT AT CENTERe OUJECT LINFS AT

CFvitRe ANU OHJUFCT LINES AT ENGFE

Clor 2Nk IINCIN, e SARSEPT 1 RANGEANG NV IRON)
ISSFFINCICIA) ¢ IRTPE)
O(I)ZAMINI((TSeR I /ZC(S) e u206,/7C1S))
THZ<AMOLER
CENIZNFINCLTHPSRSEPT ' RANGEANG ¢ NV IRON)
ISSFFINCICIT) IRTPE)
O(W)IZSAMINI((THeAL ) /7C(S) e4200.7C(5) )

IF (15.A1.0(5)) 60 TO 110
11,

COMPUITE STGNAL CUMRENT AND NUMRER OF LINES
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| 3
‘ | VONNKA un 152=AMUILER TVHU Re
3 { UNNNKT unm 60 TOEINF NG ETHe SRSEF L 1 RANG o EANG e NV ITRON) TVHU A7

3 UOHDKA un) T6SFFUNC (Toe IRIPE) TVFU A8

LONNKI um IF (FAG14LID)) LO TO 70 TVFU 89

\ vounyn unm 1321, TVFU 9

vounYyl wny G0 T0 80 TVFU Q)
vonnYy2 uni c TVFU 92
unany3 un (4 SIGNAL LIMITEL? TVFU Q3
vonnys uny Tu 320, TVFU a4
LonnyS un Ru IF (TY%L1..5) 6N TO 100 TVFU 9y
VONNYe uny Tiavy TVFU 9o
vounY? uny TSSTH4 NS¢ (ANGLFH*EANG) 1VFU 97
UNNNYA um IF (ARS15=FANG) «LT.(<HeLANG)) GO TO 9 TVFU 98
LvounNyY9 un) 60 TO oN TVFU Q9
wonl1no uny C TvFUL00
voniol um C Z¢RO SWATH WIDTH LVIE TO POWER L IMIT TVFUl01
von1u2 uny 9 vin=1. TVFULIN2
vontnd un) wil)=SKSEPy TVFULINS
uhnlue uo) Wl4)S=SRSFH2 TVFUL04
Lwon10% un) ul2r=n. TVFU105 -
Lvonlu6 um w0 10 12v TVFUl06
oonlu? uny C 1VFULN?
VON10A um C NORMAL £XIT FROM POWER LIMIT TVFU108
w19 uny 100 O(v)=1. TVFULIN9
" von110 uny V(212T5=( . Se (ANGLER*EANG) ) TVFUL10
; unnl un TU=nANUS TANIEANG=TY) TVFUI11 E
vouni2 unm Wl1)STUISRSEP? TVFuUL12
vonlld 0ol Wl4)=Tu=SRGFP2 TVHUI S
uonlle (T3} L0 10 170 TVHUL G
§ ULORR L un) C TVFUL1S
unnlle unm c MuXIMUM 4 INTH TVFUlL1e
uon? um 110 Wl1)IZRANGSHFELTAL $SRSERPZ TVFUL17
(O R L] ("0 W) ZRANGLFLTA2=SHSEP2 TVFUL18
vonl19 un) vis=t. 1VFU119
Lvon120 un) C TVRUL20
uonizi uny 120 T1SYFIIC (N, o SRSFP L o FANG o RANG ¢ ANGLES ¢ NV [RON) TVFUL21
won122 un) Uln)z,beLin)/ZiCloleT)) TVFU122
uwonted un) TISvF NG (=aNGLER I SRSEP] s ANG e RANG ¢ ANGLE S e NV IRON) TVFU123
unnlze um VIR AR A VATANATS 58} TVFUL 24
wonles un) IF (0D L1eal2) Gu TO 130 TVHUL2S
[T P uny Al 7)SRANGEIFLTA2=4HSEPZ TVHUL 26
vonle? um 60 TO 1w TVHU127
uoniza uny C 1VFUL28
o129 uny 130 W(/7)ZGHINC(OLR) 10 (7) 1 RANL? ANGLER»EANG * SPSEPT ) TVEU129 E
woul1 N un) 180 W(2)ZVHINCINEL TAL Y RANG ¢ DF ¢ SRSFPL) TVFULN0
unnl st un TUSTAMUANGLES*EANG) T.FUL3}
vou1 82 umy WS SIFIINC L TU e KANG e NF e SRSEPL) TVHUL 32
uonl 33 uny W) SIEIINC (DEL TAZ» RANG ¢ NF ¢ SRSFPL) TVFU133
uonlse (3] TUSTANUANGLES=EANG) 1VFUL 36
uonlss uny Win)SVHIINCITU P RANG o DF ¢ SRSEPL) TVFUL3S
"L TS uny CALlL FNK ()0 3) TVFUL 36
unnt a7 uny Ola)zwi(y) TVFUL 37
uoN1 IR um OlNzFLY) TVFUL 38
unhnl 39 uny CALl Fix (ue7) TVFUL3Y
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